Spectral domain optical coherence tomography (SD-OCT) is a high resolution imaging technique that generates 25 excellent contrast based on intrinsic optical properties of the tissue, such as neurons and fibers. The SD-OCT data 26 acquisition is performed directly on the tissue block, diminishing the need for cutting, mounting and staining. We 27 utilized SD-OCT to visualize the laminar structure of the isocortex and compared cortical cytoarchitecture with 28 the gold standard Nissl staining, both qualitatively and quantitatively. In histological processing, distortions 29 routinely affect registration to the blockface image and prevent accurate 3D reconstruction of regions of tissue.
Optical coherence tomography (OCT) is an optical technique that 46 provides high resolution cross sectional imaging as well as 3D recon-47 structions of up to several hundred microns in depth of biological 48 tissues. Huang and colleagues introduced OCT in 1991 for studying the 49 retina and the coronary artery (Huang et al., 1991) . OCT is analogous 50 to ultrasound imaging as it measures the backscattered light of the 51 sample, and is sensitive to differences in the refraction index in tissue. and qualitatively compared it with histology (Assayag et al., 2013) .
59
OCT enables us to image histological architectural characteristics found facilitate the stitching. A total variation filtering and an intensity adjust-143 ment were performed on each tile to improve image quality (Gilboa 144 et al., 2003; Rudin et al., 1992) . were control brains and did not contain neurological deficits but the 160 fifth case was pathologically diagnosed as mild Alzheimer's disease.
161
Tissue processing and histology
162
To create a flat surface as required for optimal OCT acquisition, we 163 first sectioned the 1 cm thick specimen block with a sliding freezing 164 microtome (standard equipment for large human sections, but a 165 vibratome may be used) for the histology studies before we acquired 166 the OCT data, leaving approximately 0.5 cm thickness for the tissue 167 block. This thickness is arbitrary and no thickness limit is imposed by 168 the OCT technique other than the space available below the objective.
169
This flatfacing created an ultra flat landscape for the tissue face that 
Results

245
OCT contrast
246
The depth profile acquired by OCT depends on the optical properties 247 of the tissue (Wang et al., 2011 over the 400 μm that light penetrates the tissue, followed by stitching, 277 filtering (total variation filter Gilboa et al., 2003; Rudin et al., 1992) and in-278 tensity adjustment (Fig. 2C ). The gray matter appears brighter than the 279 white matter due to its lower attenuation coefficient, similar to Fig. 2A .
280
The laminar structure of the cortex is clearly visible. The heterogeneity 281 of the fiber orientations in the white matter is also conserved and agrees
282
with the reflectivity image ( Fig. 2B ). For this study, we will focus on the 283 gray matter, but we note that SD-OCT contains significant useful informa- 
Qualitative comparison between Nissl stain and OCT
293
For each isocortex sample, we qualitatively compared the blockface 294 image of the sample, the Nissl stain and the OCT images. the Nissl stained sections, the geometry of the gyri was not preserved 328 during mounting, which is not the case in the OCT image since the Fig. 2 . Four panels illustrate the same isocortical sample yet imaged with different contrasts. A: attenuation coefficient image, B: reflectivity image (the arrows showing different fiber orientations, white for parallel to the surface and black for more oblique fibers), C and D represent AIP images but different protocols were performed. C: the tiles are first stitched together, then the whole image is improved (filtering and intensity adjustment). Each tile is first improved to emphasize on the laminar structure of the cortex, then they are stitched together to reconstruct the whole volume. Note the improvement for the white matter in C and the cortical ribbon in D. Scale bar: 5 mm. were also labeled. One example is shown in Fig. 6 , for the Nissl stain 361 (Fig. 6A ) and the OCT (Fig. 6B) images. From the manual labeling, we 362 solved the Laplace equation to generate profile lines (Fig. 7) . The cortical 363 thickness and the distance between layers in the two-dimensional plane 364 were then measured using the profile lines.
365
Because the human cerebral cortex has a complex 3D geometry, the to the PS, the profile lines appear homogenously distributed (Fig. 7A) .
369
Conversely, when the cortical ribbon is far from perpendicular to the 370 PS (i.e. oblique), some complex structures appear such as emerging or 371 disappearing gyri (Fig. 6A , black arrow) and oblique gyri (Fig. 7B,   372 box). Thus, the profile lines were not homogenously sampled in those 
377
Interobserver reliability
378
In this section we report on the reliability of the manual labeling. 
389
The goal was to assess whether there were significant differences in 
395
The GWB and PS lines did not exhibit a significant difference for those Moreover, Fig. 8 shows that, as expected, the PS was the easiest to label,
401
with the highest accuracy and reproducibility (i.e. smallest median 402 minimum distance (red line) and smallest standard deviation), followed 403 by GWB, which was easily detectable due to the change in intensity on 404 both modalities and finally, labeling the CL lines was more challenging,
405
as the middle of a cell dense or cell-poor layer has to be defined.
406
Intermodality reliability
407
Since the registration has some local errors due to intrinsic tissue 408 quality and distortions induced during the histological protocol, over-409 laying both sets of lines for direct comparison is not ideal unless some 
421 422 where L i ProjNissl is the projected histology layer line i in the OCT space. Fig. 9A , there 427 is a large difference between the line on the right gyrus due to a 428 mispositioning of the tissue during hand mounting as the PS lines 429 suggest (magenta lines). After mapping the Nissl CL into the OCT 430 space (Fig. 9B) , the difference was largely reduced. Fig. 9C shows that 431 the GWB is badly registered (red lines). The red lines in the fundus differ 432 greatly between C and D. By mapping the histology lines onto the OCT 433 space, we show an improved agreement between the two sets of lines 434 (Fig. 9D) . tion across slices and to other modalities difficult (Augustinack et al., 480 2010; Ceritoglu et al., 2010; Reuter et al., 2010 Reuter et al., , 2012 .
481
In this study, we compared OCT with traditional Nissl staining in 5 482 cortical samples. We analyzed the two modalities qualitatively and 
490
In this paper we have shown that OCT yields similar and in some in- process. The tissue must be sectioned, hand mounted and stained. OCT 502 relies on intrinsic optical contrast: the blockface is directly imaged.
503
While OCT is also labor intensive, the whole OCT imaging process can 504 be automated in the future. Third, contrary to other light microscopy the median minimal distance with respect to the modalities (Nissl and OCT) and the line groups (GWB, PS, CL). The red horizontal line within each box is the median, the edges of the box are the 25th and 75th percentiles, the error bars extend to the most extreme data points not considered outliers, and outliers are plotted individually as red + signs. The results of the Wilcoxon signed rank test is shown above the bracket by * , if p ≤ 0.05.
techniques (Chung et al., 2013; Wilt et al., 2009) that OCT results were much improved by flat-facing with a microtome 527 blade. A vibratome or cryostat would also achieve the flat tissue face.
528
With the addition of a vibratome and motorized XY stage within the
529
OCT setup (Ragan et al., 2012) , the need for flat-facing will not be 530 necessary. (Fig. 3D) .
546
In Nissl, the white matter remains relatively unstained while the gray 547 matter shows the laminar pattern, as shown in Fig. 3B .
548
To show that the laminar structure observed by OCT corresponds to (Hertzmann et al., 2001 ).
609
In future work, cortical boundaries within the sample may be 610 followed and correlated with cortical folding patterns. Due to tissue 611 processing distortions, the 3D volume reconstruction of the brain 612 based on the histology slices is exceedingly difficult and error prone; 613 the reconstruction can either be created by aligning the histological slices 614 (Ceritoglu et al., 2010) , or by using the blockface photographs as an inter-615 mediate space (Augustinack et al., 2010; Reuter et al., 2010 Reuter et al., , 2012 prove the between-slice registration required to reconstruct several 632 cubic centimeters volume of tissue, an important step towards our automated ex vivo mouse brain imaging. Nat. Methods 9 (3), 255-258 (Mar.).
